
pÉåëçê=cìëáçå=Ñçê=fåíÉääáÖÉåí=mêçÅÉëë=`çåíêçä

rp=albLlÑÑáÅÉ=çÑ=fåÇìëíêá~ä=qÉÅÜåçäçÖáÉë=pÉåëçêë=~åÇ=`çåíêçäë=mêçÖê~ã

^ååì~ä=jÉÉíáåÖI=kÉï=lêäÉ~åëI=i^I=gìåÉ=SJTI=OMMN

iÉÉ=^K=_Éêíê~ãI=oçÄÉêí=dK=eáää~áêÉI=táääá~ã=dK=eçìÑI=~åÇ=mÉíÉê=jK=t~äëÜ

p~åÇá~=k~íáçå~ä=i~Äçê~íçêáÉëI=iáîÉêãçêÉI=`^

j~êâ=^K aÉvçìåÖI=táääá~ã=cK=e~äÉóI=~åÇ=oáÅÜ~êÇ=tK=jáÅÜ~Éä

mmd=fåÇìëíêáÉëI=fåÅKI=tçêâë=kçK=NQI=jíK=wáçåI=fi

o~ó=c~êê~ê

mmd=fåÇìëíêáÉëI=fåÅKI=tçêâë=kçK=QI=táÅÜáí~=c~ääëI=qu

gçÜå=gK=`çååçêëI=a~îÉ=e~åÉâ~ãéI=vì=gá~çI=o~àáî=qáï~êóI=~åÇ=hï~åÖ tçå=

mmd=fåÇìëíêáÉëI=fåÅKI=dä~ëë=qÉÅÜåçäçÖó=`ÉåíÉêI=máííëÄìêÖÜI=m^

a~äÉ=^K=pãáíÜ=~åÇ=mÜáäáé=gK=pãáíÜ

råáîÉêëáíó=çÑ=rí~ÜI=aÉé~êíãÉåí=çÑ=`ÜÉãáÅ~ä=båÖáåÉÉêáåÖI=p~äí=i~âÉ=`áíóI=rq
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• Founded in 1883

• More than 100 production facilities 

worldwide

• Employs more than 31,000 people

• Owned by 90,000 shareholders



• Flat and fabricated glass

• Chemicals

• Coatings

• Continuous-strand fiber glass



Sand 73% Silica  

Soda Ash 14% Flux 

Dolomite 
Limestone 

13% Weathering 
Abrasion 

Gypsum .3% Fining 

Rouge .1-
1.5%

Color and Energy 
Properties 

Selenium 
Cobalt 
Titanium 

.03% Colorants 

 

 





Melting Point, °°°°F

Ice 32

Plastic 250

Solder 400

Aluminum Pots 1200

Cast Iron Skillet 2150

Concrete 2500

Stainless Steel Knives 2750



mêçÅÉëë=lîÉêîáÉï
__________________________________________

√oÉÖÉåÉê~íáîÉ=ÅêçëëJÑáêÉÇ=~áêLå~íìê~ä=Ö~ë=Ñìêå~ÅÉK

√mêçÅÉëë=çîÉê=íÜêÉÉ=íçåë=çÑ=åáíêçÖÉå=éÉê=íçå=çÑ=Öä~ëë=éêçÇìÅÉÇK

√`çåëìãÉê=ÇÉã~åÇë=Ñçê=ÉåÉêÖó=ÉÑÑáÅáÉåí=Öä~ëëÉë=Ü~îÉ=ÄÉÉå=ãÉí=Äó=

áåÅêÉ~ëáåÖ=íÜÉ=áêçå=ÅçåÅÉåíê~íáçå=áå=íÜÉ=Öä~ëëK==qÜÉ=äçï=fo=Öä~ëëÉë=êÉÇìÅÉ=

ÜÉ~í=íê~åëÑÉê=íç=íÜÉ=Öä~ëëI=ïÜáÅÜ=Å~å=áåÅêÉ~ëÉ=íÜÉ=ÅçãÄìëíáçå=ëé~ÅÉ=

íÉãéÉê~íìêÉë=~åÇ=áåÅêÉ~ëÉë=klñ Ñçêã~íáçåK

√cìêå~ÅÉ=ÅçãÄìëíáçå=Åçåíêçä=é~ê~ãÉíÉêë=~êÉ=çéíáãáòÉÇ=Ñçê=klñ Åçåíêçä=~í=

íÜÉ=ÉñéÉåëÉ=çÑ=çéíáãáòáåÖ=çíÜÉê=éêçÅÉëë=ÅçåÇáíáçåëI=EéêçÇìÅí=èì~äáíóI=

íÜêçìÖÜ=éìíI=íÜÉêã~ä=ÉÑÑáÅáÉåÅóI=~åÇ=êÉÑê~Åíçêó=ÇÉÖê~Ç~íáçåFK

√k~íìê~ä=Ö~ë=áë=íÜÉ=ä~êÖÉëí=Åçëí=ÅçåíêáÄìíçê=áå=íÜÉ=Ñä~í=Öä~ëë=ã~åìÑ~ÅíìêáåÖ=

éêçÅÉëëK



dç~äë
__________________________________________

√oÉÇìÅÉ=kMñ=Äó=OMBK

√léíáãáòÉ=íÜÉ=ÅçãÄìëíáçå=éêçÅÉëë=íç=~ÅÜáÉîÉ=NMMB=ÅçãÄìëíáçåK

√fãéêçîÉ=çñóÖÉå=ëÉåëçê=éÉêÑçêã~åÅÉ=~åÇ=êÉäá~ÄáäáíóK=



kl
ñ
eáÖÜäó=pÉåëáíáîÉ=íç=cìÉä=aáëíêáÄìíáçå

__________________________________________

jÉ~ëìêÉãÉåíë=~í=íÜÉ=fåíÉêå~íáçå~ä=cä~ãÉ=oÉëÉ~êÅÜ=cçìåÇ~íáçå

Ek~â~ãìê~I=pã~êíI=~åÇ=î~å=ÇÉ=h~ãéI=J. Inst. Energy 69, NVVSI=PVJRMF

eáÖÜÉëí=î~äìÉë=~êÉ=

~ëëçÅá~íÉÇ=ïáíÜ=Ö~ë=

áåàÉÅíáçå=íÜêçìÖÜ=íÜÉ=éçêí=

åÉÅâK

içïÉëí=î~äìÉë=~êÉ=

~ëëçÅá~íÉÇ=ïáíÜ=Ö~ë=

áåàÉÅíáçå=áåíç=íÜÉ=Ñìêå~ÅÉ=

íÜêçìÖÜ=íÜÉ=ÄêÉ~ëí=ï~ää=

ïáíÜ=ãáåáãìã=éÉåÉíê~íáçå=

çÑ=íÜÉ=~áê=àÉíK

oÉëìäíë=ëìÖÖÉëí=

çééçêíìåáíáÉë=Ñçê=

çéíáãáò~íáçåK=



mêçàÉÅí=pÅçéÉ
__________________________________________

fãéäÉãÉåí=Åçåíêçä=ëóëíÉã=íç=êÉÇìÅÉ=klñ ~åÇ=áãéêçîÉ=ÅçãÄìëíáçå=

ÉÑÑáÅáÉåÅó=ïÜáäÉ=ã~áåí~áåáåÖ=Öä~ëë=èì~äáíóK

`çåíêçä=ÜÉ~í=áåéìí=~åÇ=~áêLÑìÉä=ê~íáç=çå=É~ÅÜ=éçêíK==

rëÉ=ÉñáëíáåÖ=ëÉåëçê=íÉÅÜåçäçÖó

míLwêl
O

éêçÄÉë=Ñçê=çñóÖÉå

fãé~Åí=éêçÄÉë=Ñçê=Ö~ë=îÉäçÅáíó

qÜÉêãçÅçìéäÉë=Ñçê=íÉãéÉê~íìêÉ

jçÇÉä=ìëÉÇ=íç=ÇÉëÅêáÄÉ=íÜÉ=ÇÉéÉåÇÉåÅÉ=çÑ=klñ=EëáåÖäÉ=éçêíF=çå=

ãÉ~ëìêÉÇ=ÅçåÇáíáçåëK=



`çåíêçä=çÑ=^áêLcìÉä=o~íáç=çå=fåÇáîáÇì~ä=mçêíë
__________________________________________

Approach:

^Çàìëí= Ö~ë= Ñäçïë= íç= ë~íáëÑó=

íÉãéÉê~íìêÉ=êÉèìáêÉãÉåíëK==

^ÇÇ= ~áê= íç= çéíáãáòÉ= ~áêLÑìÉä=

ê~íáç=~í=É~ÅÜ=éçêíK==

Measurements:

fåäÉí=Ö~ëI=~áêI=~åÇ=ëìééäÉãÉåí~ä=~áê

Ñäçïê~íÉëK

bñÜ~ìëí=Ñäçïê~íÉë ~åÇ=lO ÅçåíÉåíëK

pí~Åâ=klñ ~åÇ=plOK

d~ëI=^áê



qÉ~ãë
__________________________________________

_ÉåÅÜã~êâ

p~åÇá~W==iÉÉ=_Éêíê~ã=EäÉ~ÇÉêF=

mmdW==j~êâ aÉvçìåÖI=vì gá~çI=gçÜå=`çååçêëI=o~àáî=qáï~êó=

jçÇÉäáåÖ=~åÇ=páãìä~íáçå

råáîÉêëáíó=çÑ=rí~ÜW==mÜáäáé=pãáíÜ=EäÉ~ÇÉêF

mmdW o~àáî=qáï~êóI=gçÜå=`çååçêëI hï~åÖ tçåI=táääá~ã=e~äÉó

p~åÇá~W==táääá~ã=eçìÑ=

pÉåëçêë

p~åÇá~W==mÉíÉê=t~äëÜ=EäÉ~ÇÉêF=

mmdW==gçÜå=`çååçêëI=j~êâ aÉvçìåÖI=o~ó=c~êê~êI o~àáî=qáï~êó=

`çåíêçäë

mmdW==vì=gá~ç EäÉ~ÇÉêFI=táääá~ã=e~äÉó

p~åÇá~W==oçÄÉêí eáää~áêÉ=

råáîÉêëáíó=çÑ=rí~ÜW==a~äÉ=pãáíÜ=



pÉäÉÅíÉÇ=jáäÉëíçåÉë=~åÇ=aÉÅáëáçåë
__________________________________________

jáäÉëíçåÉW==_ÉåÅÜã~êâ=éêÉëÉåí=éÉêÑçêã~åÅÉ=Ó NMLPNLMN

dçLkçJÖçW==^ëëÉëë=~Äáäáíó=çÑ=míLwêl
O

éêçÄÉë=íç=éêçîáÇÉ=êÉäá~ÄäÉ=~åÇ=Åçëí=

ÉÑÑÉÅíáîÉ=l
O

ãÉ~ëìêÉãÉåíë=Ó ULPNLMN=Ó áÑ=åçíI=ëÉäÉÅí=~äíÉêå~íáîÉ=l
O

ëÉåëçê

dçLkçJÖçW==j~é=Ö~ë=îÉäçÅáíóI=ÅçãéçëáíáçåI=~åÇ=íÉãéÉê~íìêÉ=çîÉê=íÜÉ=

ÉåíáêÉ=Åêçëë=ëÉÅíáçå=çÑ=~å=ÉñÜ~ìëí=éçêí=íç=ÇÉíÉêãáåÉ=ïÜÉíÜÉê=ëáåÖäÉ=éçáåí=

ëÉåëáåÖ=áë=ëìÑÑáÅáÉåí=Ó PLOMLMO=Ó áÑ=åçíI=~Ççéí=~äíÉêå~íáîÉ=~ééêç~ÅÜ

jáäÉëíçåÉW==låJäáåÉ=íêá~ä=çÑ=Çóå~ãáÅ=ãçÇÉäJÄ~ëÉÇ=klñ=éêÉÇáÅíçê=ÅçãéäÉíÉÇ=

Ó SLPMLMO

jáäÉëíçåÉW==fÇÉåíáÑó=Ç~í~=åÉÉÇÉÇ=íç=Åçåíêçä=klñ=~åÇ=ÅçãÄìëíáÄäÉë=çå=

áåÇáîáÇì~ä=éçêíë=~åÇ=áåëí~ää=íÜÉ=áåÇáÅ~íÉÇ=ëÉåëçêë=~åÇ=áåíÉêÑ~ÅÉ Ó PLOMLMP

jáäÉëíçåÉW==aÉãçåëíê~íáçå=çÑ=páÉãÉåë=Ñìêå~ÅÉ=çéíáãáò~íáçå=Åçåíêçä=ëóëíÉã=

Ó NOLPMLMP



båÉêÖó=p~îáåÖë
__________________________________________

qÜÉ=ÉåÉêÖó=êÉèìáêÉÇ=Ñçê=

ãÉäíáåÖ=ÇÉÅêÉ~ëÉë=ïáíÜ=

áåÅêÉ~ëáåÖ=íÜêçìÖÜéìíK==

oÉÇìÅáåÖ=klñ=Ñçêã~íáçå=

ïáää=éÉêãáí=áåÅêÉ~ëÉÇ=

éêçÇìÅíáçåK

^=OKRB=áåÅêÉ~ëÉ=áå=

ÉåÉêÖó=ÉÑÑáÅáÉåÅó=áë=

~åíáÅáé~íÉÇK==

fãéäÉãÉåíÉÇ=çîÉê=íÜÉ=

rKpK=Öä~ëë=áåÇìëíêóI=íÜáë=

ïçìäÇ=ÖÉåÉê~íÉ=ÉåÉêÖó=

ë~îáåÖë=çÑ=MKMN=

èì~ÇLóÉ~êK=
cáÖìêÉ=Ñêçã=tK=qêáÉêI=Glass Furnaces:  Design, 

Construction, and OperationI=hK=iK=içïÉåëíÉáå
Eqê~åëäKFI=pçÅáÉíó=çÑ=dä~ëë=qÉÅÜåçäçÖóI=NVUTK



`êçëëÅìííáåÖ=^ééäáÅ~íáçåë
__________________________________________

qÜÉ=éêçéçëÉÇ=~ééêç~ÅÜ=íç=ÅçãÄìëíáçå=Åçåíêçä=áë=~ééäáÅ~ÄäÉ=

íç=Ñìêå~ÅÉë=ÑáêÉÇ=ìëáåÖ=ãìäíáéäÉ=ÄìêåÉêë=åçí=Ü~îáåÖ=áåÇáîáÇì~ä

ÅçãÄìëíáçå=~áê=Åçåíêçäë=~åÇ=áå=ïÜáÅÜ=íÜÉ=Ñäçï=Ñêçã=áåÇáîáÇì~ä=

ÄìêåÉêë=Å~å=ÄÉ=áÇÉåíáÑáÉÇ=ïáíÜ=é~êíáÅìä~ê=äçÅ~íáçåë=áå=íÜÉ=Åêçëë

ëÉÅíáçå=çÑ=íÜÉ=ÑäìÉI=ëìÅÜ=~ë

mêçÅÉëë=ÜÉ~íÉêë

fåÇìëíêá~ä=ÄçáäÉêë

oÉÜÉ~í=Ñìêå~ÅÉë==



mêçàÉÅí=eáëíçêó

g~åì~êó=NVVVW= háÅâçÑÑ=ãÉÉíáåÖ=çÑ=sáëíÉçåI=p~åÇá~I=~åÇ=

råáîK=çÑ=rí~Ü=ÖêçìéëK

cÉÄêì~êó=NVVVW jÉÉíáåÖ=~í=sáëíÉçå=mä~åí=áå=qìäë~I=lhK
aÉÅáëáçå=íç=ÑçÅìë=çå=~ååÉ~äáåÖ=äÉÜêK==

pìããÉê=NVVVW= _ÉÖáååáåÖ=çÑ sáëíÉçå êÉçêÖ~åáò~íáçå=~åÇ=åÉÉÇ=
íç=íê~åëÑÉê=éêçàÉÅí=íç=åÉï=áåÇìëíêá~ä=é~êíåÉêK

j~êÅÜ=OMMMW= oÉéçêíW==�bäÉãÉåíë=Ñçê=oÉ~ä=qáãÉ=píÉ~Çó=
páãìä~íáçå=çÑ=cä~í=dä~ëë=iÉÜê=`çåíêçäKÒ==

______________________________________________________________________________________



^ååÉ~äáåÖ=iÉÜê=eÉ~í=qê~åëÑÉê=jçÇÉä
__________________________________________



`çãé~êáëçå=ïáíÜ=oÉëìäíë=çÑ=dK=hK=`ÜìáG
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√ `çìåíÉêÑäçï=~ååÉ~äáåÖ=äÉÜê=çÑ=`ÜìáG

• 16 cooling flues (8 above and 8 below)

• Glass thickness = 0.254 cm

• Glass width = 406 cm

• Glass speed = 211.7 cm/sec

• Glass radiation model parameters set to

produce Chui’s effective emissivity of 0.8

• Flue and lehr wall emissivity = 0.9

• Flue wall to air h = 18 W/m2K

• Model predictions in good agreement 

with the work of Chui

* G. K. Chui, “Heat Transfer and Temperature Control in an 

Annealing Lehr for Float Glass,” Journal of the American 

Ceramic Society, Vol. 60, No. 11-12, 1977.

____________________________________________



mêçàÉÅí=eáëíçêó=EÅçåíáåìÉÇF

j~êÅÜ=PMI háÅâçÑÑ=ãÉÉíáåÖ=çÑ=mmdI=p~åÇá~I=~åÇ=råáîK=çÑ=
OMMM rí~Ü=ÖêçìéëK==kÉï=ÑçÅìë=çå=ÅçãÄìëíáçå=ÅçåíêçäK

j~êÅÜ=OMJONI= jÉÉíáåÖ=çÑ=mmdI=p~åÇá~I=~åÇ=råáîK=çÑ=rí~Ü=
OMMN Öêçìéë=~í=mmd=tçêâë=NQI=jíK=wáçåI=fiK==

mêçàÉÅí=Öç~äë=~åÇ=íÉ~ãë=Éëí~ÄäáëÜÉÇK=

j~ó=TJUI= jÉÉíáåÖ=çÑ=mmd=~åÇ=p~åÇá~=Öêçìéë=
OMMN ~í=mmd=dä~ëë=qÉÅÜåçäçÖó=`ÉåíÉêK

j~ó=VJNMI= p~åÇá~=Öêçìé=~í=jíK=wáçå=mä~åí=íç=ÅçääÉÅí=
OMMN éêçÅÉëë=Ç~í~=~åÇ=äçÅ~íÉ=ë~ãéäáåÖ=éçáåíëK==

j~ó=NNI= jÉÉíáåÖ=çÑ=mmd=~åÇ=råáîK=çÑ=rí~Ü=Öêçìéë
OMMN ~í=mmd=dä~ëë=qÉÅÜåçäçÖó=`ÉåíÉêK==

^ìÖìëí=OMJOQI `çãÄìëíáçå=ãÉ~ëìêÉãÉåíë=Äó=mmd=~åÇ=
OMMN p~åÇá~=Öêçìéë=~í=jíK=wáçå=mä~åíK

____________________________________________


